The incidence and management of severe drug overdose patients over a five-year period is presented, together with results and complications. Emphasis is placed on the importance of conservative measures with minimal need for more aggressive methods of treatment. 159 47 112 number represents only 2·8 per cent of the total number of overdose patients seen at the Casualty Department of the hospital. A number of classifications of overdose patients has appeared over the years (Reed,
A study of all overdose patients admitted to the Intensive Care ward of the Alfred Hospital, Melbourne was carried out over a five-year period from February 1969 to February 1974. MATERIAL One hundred and fifty-nine patients were treated during the period; all required artificial ventilation and this was the prime reason for admission to the Intensive Care area. This Most grade patients from 0 to 4 on the basis of conscious state, reflex activity and respiratory or cardiovascular depression, however, previous papers have included in grade 4 classification patients who have not required ventilatory support (Setter, Maher and Schreiner 1966 , Matthew and Lawson 1966 , Linton, Luke and Briggs 1967 , Hadden et al. 1969 , Lawson and Mitchell 1972 . The number of admissions per year, and the sex and age of patients is shown in Tables 1 and 2.
The numbers of serious overdose patients treated remained fairly constant and did not reflect the rising total number of overdose rases reported by others (Matthew 1966 , Tulloch 1972 , Smith 1972 . There was a great predominance of female patientsfemale: male ratio approximately 2t : 1. The Anaesthesia and Intensive Ca/'e. Vol, Ill, No. 2, May, 1975 majority of cases (48 per cent) were in their teens or twenties, however, 31 per cent of cases were females between the ages of 31 and 60 years. These figures are similar to other series (Evans 1967 , Stanley 1969 , Burston 1969 , Matthew and Lawson 1970 .
MANAGEMENT
Of primary importance is the prompt initiation of measures to support respiration and circulation and this takes precedence over any other procedure. All cases were intubated immediately on admission. This was often performed with an oral Magill endotracheal tube but as soon as practical this was changed to an appropriately sized polyvinyl chloride nasotracheal tube inserted atraumatically by an experienced anaesthetist.
Apnoea or grossly inadequate ventilation was present in all cases and ventilation was maintained in most cases by a Bird Mark 8 pressure cycled ventilator. Two patients dning ] 971 were maintained on a Drager Spiromat volume cycled ventilator while a Bennett MAl volume cycled ventilator was used for three patients during 1973. Adequacy of ventilation was monitored by frequent measurements of tidal and minute volumes and daily or twice daily estimations of blood gases.
Hourly aspiration of the nasotracheal tube was performed with disposable plastic catheters using an aseptic no touch technique. Anyone period of suction was limited to 20 to 30 seconds to prevent hypoxia. In the early years of this series, the cuff of the nasotracheal tube was deflated for one minute every hour. This was preceded by pharyngeal suction and the ventilator remained connected. The cuff was re-inflated with only sufficient air to maintain an airtight seal. In the latter part of the period under consideration, endotracheal tubes with pre-stretched cuffs (Geffin and Pontoppidan 1969) were used and these were not periodically deflated. During 1973 some of the patients were intubated with endotracheal tubes having special low-pressure cuffs (Kamen and \Vilkinson 1971, Magovern et al. Hl72) .
Hyperexpansion of the lungs for four or five breaths was performed immediately before suction in those patients maintained on a Bird Mark 8 ventilator. Each patient was turned from side to side and all limbs put through a full range of passive movements every second hour throughout the period of unconsciousness.
All patients were hypotensive on admission, having a systolic blood pressure of 80mmHg or less. This was treated initially by rapid infusion of lactated Ringer's solution and stable plasma protein solution (S.P.P.S.). Vasopressor agents were onlv used when there was no maintained response' to adequate fluid infusion; this was necessary in 37 patients (23·2 per cent). Isoprenaline in a dosage of 0·5 to 2 ·5 mg in 500 ml intravenous fluid infused as necessary was used in 32 cases, while intermittent intravenous injections of 1 to 2 mg of metaraminol were used in five cases.
Three methods are available for removing poisons: gastric lavage, forced diuresis and dialysis. Gastric lavage was not performed routinely because of the time interval between ingestion of the drug and arrival at hospital. I t was performed if four hours or less had elapsed or if salicytate was the main drug injected, this is in agreement with other series (Ailan 1961 .
It is strongly urged that no overdose patient with any impairment of consciousness should have a gastric lavage unless the lungs are protected from inhalation by a cuffed endotracheal tube. This will prevent the complications reported in earlier papers (Ferguson and Grace 1961 , Joron 1961 , Cirksena et al. 1964 .
Forced diuresis as described by Linton et al. (1967) was only carried out in three cases involving salicylates, three cases involving phenobarbitone and one case of butobarbitone ingestion. Alkalinization of the urine with sodium bicarbonate was also performed in these cases (Strickler ]967, Savages et al. 1969 , Lawson et al. 1969 .
One hundred and seven patients responded to intravenous fluid infusion and raising the blood pressure with an adequate urine output and received no diuretic. In 45 patients, urinary output remained poor despite a satisfactory blood pressure and these were given 10-20 mg intravenous frusemide. Twenty-nine patients responded satisfactorily, but repeated doses were necessary in 11 cases. Dialysis was performed in five cases.
Nalorphine was administered intermittently to two narcotic overdoses (heroin and morphine). Twenty of the 22 patients who had ingested amitriptyline developed ventricular extrasystoles and/or conductive defects. Ten patients were given intermittent doses of 50-100 mg lignocaine, while eight patients required lignocaine drips for 18-36 hrs. In the last six months of the period under review, patients who had taken amitriptyline were given sodium bicarbonate as suggested by Brown et al. ] 
RESULTS

Type of Drug Ingested
The various types of drugs taken are shown in Table 3 . As in most other series, it was not possible in every case to discover what drug had been ingested, while approximately 20 per cent of patients had ingested two or more drugs. The most common drug group was barbiturates, accounting for just over 50 per cent of the patients, amylobarbitone was the commonest single drug taken. A total of 22 cases of amitriptyline overdose were treated, including five in combination with other drugs. Thirteen of these cases were seen in one year, 1971.
Barbiturates 
Blood Levels
These were only determined in cases of barbiturate ingestion (56 patients) and salicytate ingestion (three patients). The serum barbiturate levels ranged between 0 ·81 and 15·0 mg per cent. No correlation could be made between serum levels, period of unconsciousness or final outcome as has been suggested by Sunshine and Hackett (1954) , Wright (1955) and Henderson and Merrill (1966) . It has been suggested by many authors (Wright 1955, Whiting, Barrett and rnmon (1965) , Clifton, Mackey and McLeod 1965 , Henderson and Merrill 1966 , Robinson, Hayes and Gunnells 1967 , Hadden et al. 1969 ) that 3·5 mg per cent is a potentially fatal blood level in cases involving medium and short acting barbiturates. Nineteen patients in this series survived with higher levels than this while one patient had a serum level of 4·3 mg per cent when awake and orientated 36 hours after admission. The serum salicytate levels ranged between 20 and 116 mg per cent. 
Ventitation
The duration of artificial ventilation in these patients varied from a few hours to 5] days ( Table 4 ). The vast majority of patients (81'7 per cent) required ventilatory support for three days or less.
Tracheostomy
This was carried out in only six cases (3· 7 per cent) and this reflects the policy of nasotracheal intubation in cases requiring short term ventilation. All patients who required tracheostomy had developed serious respiratory complications. Three of the patients died after 19 days, 25 days and 51 days of artificial ventilation but the remaining three survived seven days, 14 days and 16 days of ventilation.
None of the tracheostomies were performed as an emergency and despite the known hazards (Lord 1967, Mulder and Rubusch 1969) , only one complication was encountered. The patient who required ventilatory support for 51 days developed a tracheosophageal fistula on the 50th day of ventilation. This has been reported on a number of previous occasions (Flege 1967 , Heddes, Ersog and Safar 1969 , Mulder et al. 1972 972).
Deaths
Twenty-one deaths occurred in the series, an overall mortality of 13· 2 per cent. This is a higher mortality than other series, however, they included less severe cases (Ferguson and Grace 1961 , Pedersen and Peterson 1965 , Matthew and Lawson 1966 , Baker 1969 ). The only previous series discovered, which covered only patients who required artificial ventilation (Milthers 1963 ) reported a mortality of 33 per cent.
Five patients arrived at hospital without a recordable blood pressure and although initially resuscitated, died within four hours of admission to the intensive care ward. A further six patients were admitted with unrecordable blood pressures, but survived for three to four days.
Three deaths were due to septicaemia. Onc of these was infected on admission, secondary to a self-administered intravenous injection of pentobarbitone. The other two patients developed severe chest infections resulting in gram negative septicaemia and disseminated intravascular coagulopathy. They died after 25 days and 51 days ventilatory support respectively.
One patient aged 47 years suffered a large myocardial infarction on the fifth day of treatment, two days after she had recovered consciousness. Another patient, aged 84 years succumbed from a massive cerebral vascular accident one day after she had woken up following four days of coma.
Five patients died of undertermined causes at varying periods from two to eight days. Two had ingested barbiturates, two had taken glutethimide and one phenelzine, a mono-amine oxidase inhibitor.
Dialysis
This was performed on five patients. Two of these were children, aged two years and 15 years (the youngest patients in the series) both of whom had ingested barbiturates; both had peritoneal dialysis performed eight hours after admission because of the age of the patient and lack of clinical improvement. Both patients survived.
Haemodialysis was carried out in three adult patients, all of whom had ingested barbiturates. The indication in these cases was continuing cardiovascular instability. There had been great difficulty maintaining a satisfactory blood pressure and urine output, despite fluid infusion, vasopressors and diuretics.
One patient who suffered a cardiac arrest at home, was put on dialysis four hours after starting treatment. Despite initial improvement and stabilization of her cardiovascular state, she remained in deep coma and died] 9 days after admission. The two other patients were put on dialysis approximately 24 hours after admission; they both survived.
COMPLICATIONS
Pulmonary Complications
Twenty-four patients (15'1 per cent) developed pneumonia and required treatment with appropriate antibiotics. Sixteen patients inhaled gastric contents and were treated with corticosterioids and ampicillin (Dines, Baker and Scantland 1961 , Hamelberg and Bosomworth 196,1, Ribaudo and Grace 1971 , Richman and Abramson 1972 . Eleven of these patients d~veloped signs of aspiration pneumonitis.
Three patients developed a pneumothorax. One of these was a patient with extensive bilateral consolidation of the lungs who required a high inspiratory pressure for ventilation. This patient was treated with an intercostal catheter and under water seal drain. The other two patients were found to have a very small pneumothorax on follow-up chest X-rays taken after insertion of a central venous catheter. Resorption occurred over the ensuing 48 hours without active treatment.
In contrast to other series Lassen 1963, Schoenfeld 1964 ) no cases of pulmonary oedema occurred despite the rapid infusion of intravenous fluids.
Cardiac Complications
Apart from the patients who died, 20 others had cardiac arrests on admission and were resuscitated and survived. Two patients had a further cardiac arrest during the first hour of treatment. One patient arrested on the lOth day of treatment, this was the patient referred to earlier who developed bilateral pneumonia and pneumothorax. Most of the patients who had ingested amitriptyline developed some type of cardiac arrhythmia and were treated with lignocaine.
Hypothermia
This was common, 75 patients (47·2 per cent) had a rectal temperature below 35° C when first measured after admission. The overall incidence and range is shown in Table 5 .
These patients were warmed with an electric blanket and all were normothermic eight hours after admission, the majority within four hours. Five of the six cases of severe hypothermia, temperature below 29° C recovered, the sixth who had a temperature of 26 ·2° C on admission Anaesthesia and Intensive Care, Vol. J!I, No. 2, "{ay, J.q75 had no recordable blood pressure and although resuscitated died following 19 days of artificial ventilation without recovering consciousness.
Electrolyte Disturbances
No serious disturbances were encountered although 45 patients had a serum potassium level below 3·5 mg per cent when first determined. Hoarseness and Tracheal Damage Hoarseness on extubation was not a common feature reflecting the short period of ventilation and intubation in most cases; 180 patients (67·9 per cent) being intubated for 48 hours or less. Twenty-three patients had hoarseness for over 24 hours after extubation, however, all but four had normal voice by the second postextubation day.
A two-year-old child who was intubated for two days, had an expiratory stridor for several days following extubation. This cleared gradually with cortiosteroids. Later it was discovered she had been complaining of a sore throat for three days prior to admission and a rather larger endotracheal tube than necessary had been inserted on the initial intubation. When last seen eight months after discharge, she was quite well.
A patient who was intubated for a total of 12 days was found to have an immobile swollen left vocal cord on the day following final extubation. This patient had developed a severe chest infection and although she recovered consciousness and was extubated initially after six days, required two further periods of intubation and ventilation of four and two days respectively before she was finally extubated. The swelling of the vocal cord subsided over the following week, however, the patient still complained of a difference in voice quality when seen three months after discharge.
One patient who was intubated for four days had persistent hoarsene,:s and later developed stridor on exertion. X-ray of the trachea showed a narrowing opposite C7-T1level which was confirmed at bronchoscopy. The narrowing was easily dilated and a further dilatation was performed two weeks later with good improvement. The patient did not return for further follow up.
The fourth patient revealed that his voice had been hoarse since a thyroidectomy performed 25 years previously. Laryngoscopy showed a left recurrent laryngeal nerve paralysis.
Miscellaneous Complications
One patient had a myocardial infarction and one had a cerebral vascular accident; both these patients died.
A patient who had ingested paracetamol developed abnormal liver function levels, but no clinical evidence of liver damage. The liver function tests took 14 days to return to the normal range.
Associated diseases
As would be expected, a number of patients suffered psychiatric disturbances. No further comment is made regarding this aspect except to mention that a number of patients on recovery revealed that they were glad they had not in fact died, despite the severity of the overdose.
A number of miscellaneous medical conditions were encountered. Four patients were diabetic, but this only gave rise to difficulty in differential diagnosis. Three patients were epileptics but none developed convulsions during treatment. Two asthmatic patients required high inspiratory pressures for adequate ventilation but improved with the administration of nebulized salbutumol (Streeton and Morgan 1971) .
One patient suffered from myxoedema but she had been taking her thyroid medication regularly before admission. One patient had rheumatoid arthritis, one a duodenal ulcer, one a previous head injury which had resulted in some intellectual impairment and one was dyslexic. None of these conditions gave rise to any problems in management.
Four patients were drug addicts, one died from septicaemia following self-administered intravenous pentobarbitone. One gave herself an intravenous overdose of heroin, one administered an intravenous overdose of morphine while the fourth ingested methaqualone and diphenhydramine (Mandrax). This last patient was on a methadone withdrawal programme prior to admission and this was continued so as to avoid withdrawal symptoms.
DISCCSSro:-.i The main approach to treatment in this series has been conservative, with attention being directed to the support of respiratory and cardiovascular functioll.
AI! the patients required respiratory support because of inadequate ventilation. The need for this was obvious in the majority of cases either because of apnoea or cyanosis despite an unobstructed airway. In only ]2 cases did blood gas estimation help in deciding 011 the need for mechanical ventilation.
Nasal intubation was performed as the period of unconsciousness was expected to be short in most cases. Differing views are given in the literature regarding the relative advantages and disadvantages of endotracheal intubation and at what stage tracheostomy should be performed (Leading Article ]969, Lindholm 19ti9). It is believed that endotracheal intubation with a polyvinylchloride tube is safe for several days and therefore tracheostomy can be avoided in most cases. Although direct laryngoscopy was not performed after extubation, al! patients were followed up until discharge from hospital and only four had persistent symptoms. Damage to the larynx as described by Tonkin (1965, 1967) (Tonkin and Harrison 1966) was not observed in any of these patients.
There are many causes for the hypotension seen in drug overdose patients (Schoenfeld ]969), the most' important being a disproportion between the circulatory blood volume and the size of the vascular bed, i.e. a relative hypovolaemia due to venodilation (Shubin and V/eil 1965, 1971 ). The situation is best treated by expansion of the blood volume rather than by the routine use of vasopressor agents. In this series, vasopressors were only used in a small number of cases when volume expansion had failed to produce an adequate respome and urine output remained low.
When hypothermia was present, especially in cases with a temperature below 33° C, an adequate blood pressure rise and satisfactory urine output was often delayed until rc-warming had been achieved. The dangers of giving vasopressors to hypothermic patients was highlighted in one patient who experienced two episodes of ventricular fibrillation following small doses of isoprenaline when her temperature was ollly :W c C (Day and :'IIorgan 1974).
Analeptics were not used in any patient which is in agreement with Eckenhoff and Dam (1956) , Clemmesen and Nilsson (1961) and Myschetzh.y (19tH) . It IS firmly believed that the best treatment for drug depression uf respil ation is artificial ventilation.
Forced alkaline diuresis was onlv used in cases of long acting barbiturate or salic)'late ingestion in which it has been shown definitely to be effective (Strickler 1966, Lawson et al. ] flti9).
I t is much less effective in removing medium or short acting barbiturates, any of the psychotropic drugs or many of the other types of hypnotics (Bloomer ] 965, C(Joke 196U, l\Iewer and Lee 1968, Hadden et al. 19()8, Freeman, Beattie and H.yan 1970) . Electrolyte upsets and overhydration are not uncommon with this treatment (l\1yschetzky and Lassen ] 96.1, :'IIorgan, Bennett and Plak 1968) and it is unjustified in the majority of cases.
Haemodialysis is recognized as being the most efficient method of removing dialyzable poisons (Maher and Schreincr 1965) . It is, however, relatively ineffective in removing medium and short acting barbiturates Or tricyclic antidepressants from the blood stream (l\Iaher, Schreiner and Westvelt ] 962, Matthew 1969 . It has been suggested that even removing a small amount of drug is of clinical improvement, but there is no objective evidence for this.
CONCLUSIONS
Supportive measures are the mainst<lY of treatment in the vast majority of even severe drug overdose cases. This, however, must be aggressive and intensive in nature, paylIlg particular attention to the respiratory and cardiovascular systems. There is rarely any indication for the most aggressive methods of treatment such as tracheostomy, forced diuresis or dialysis. Hypothermia, often of a severe degree is an added, sometimes unnoticed complication, but responds well to simple re-warming methods.
